Habitat partitioning in facultatively paedomorphic populations of palmate newts Triturus helveticus by Denoël, Mathieu
Habitat partitioning in facultatively paedomorphic populations 
of palmate newts Triturus helveticus
Mathieu Denoël
The life cycle of newts of the genus Triturus is 
characterized by an aquatic larval stage, followed 
by a succession of transitions between the aquatic 
and terrestrial habitats. Water remains essential 
because it is the place for reproduction (1). Howe-
ver, in some populations, the terrestrial component 
is eliminated. The larvae acquire sexual maturity 
before metamorphosis, and then retain their gills 
and gill  slits.  This alternative path of development 
is paedomorphosis. In most cases, only a part of the 
population follows the paedomorphic ontogenetic 
pathway, while the other part normally metamor-
phoses (facultative paedomorphosis) (2). 
Habitat is an essential key in the persistence of 
facultative paedomorphosis in natural populations 
of newts and salamanders. Laboratory experiments 
have shown that more larvae become paedomor-
phic in permanent waters than in temporary waters 
(3). In drying ponds, larvae and paedomorphs are 
constrained either to die or to metamorphose into 
the terrestrial morph. However, when other aqua-
tic habitats are in proximity, they can survive by 
migrating without losing their larval attributes (4). 
Heterogeneous habitats composed of permanent 
and temporary habitats are usually differently used 
by the two morphs. Both paedomorphs and meta-
morphs breed in permanent ponds, but only the 
metamorphs are able to use drying ponds to forage 
on transient energetic resources (5). 
Heterogeneity acts also within a single aquatic 
habitat on the scale of microhabitats that differ by 
components such as water depth. Strong space par-
titioning has been observed in deep lakes, in which 
paedomorphs were abundant in the water column 
and metamorphs in benthic areas and at the water 
surface (2, 6). In more homogeneous ponds, al-
though some partitioning existed, the two morphs 
largely used all available microhabitats (7). Because 
all these results were obtained in a single species 
(the Alpine newt Triturus alpestris), comparative 
studies on other model species are needed. 
Paedomorphosis was observed not only in the 
Alpine newt, but also in the palmate newt Triturus 
helveticus (8). Most populations of T. helveticus  are 
located in southern France and inhabit environ-
ments different from that of paedomorphic Alpine 
newts (8, 9). In this area, all the aquatic habitats 
of T. helveticus  are manmade ponds surrounded 
by arid lands (limestone plateau). The aim of this 
study was to find out whether paedomorphic and 
metamorphic palmate newts use their aquatic habi-
tat differently. 
Newts were caught in two private cattle ponds, 
locally known as ‘‘ lavagnes’’  of Southern Larzac 
(Department of Hérault, France). One of the ponds 
is located at the north of Le Coulet village at an ele-
vation of 580 m above sea level (43°49'N, 3°31'E). 
Surface area is 115 m² and depth 2 m. The other 
pond is within Canourgue farmland at Groupillers 
at an elevation of 695 m (44°41'N, 3°23'E). Surface 
area is 175 m² and depth 2.4 m. Collection took 
place in May 2003. Ponds were divided into two 
zones: shallow (0–2 m from the shore-line, 0–1 m 
depth) and deep (2–4 m from the shore-line, i.e. in 
the central zone of the pond, 1–2 m depth). Collec-
ting protocol consisted in doing blind net sweeps 
in the pond in the two zones at the same time (two 
persons). All the areas of the ponds were sampled 
by following the outside circumference of the two 
areas and dipnetting approximately every 50 cm. 
Census stopped when numerous successive dipnet-
ting did not result in any newts caught. Vegetation 
is abundant in the two zones, although a bit less 
developed at the center of the ponds. Results of the 
census are shown in Figure 1. Prey niche overlap 
between morphs was calculated using Schoener’s 
index (10): 
  
where pxi is the proportional utilization of micro-
habitat type i  by morph x, and pyi the proportional 
utilization of microhabitat type i  by morph y .  The 
index ranges from 0 (no microhabitat in common) 
to 1 (two microhabitats in common). Chi-square 
tests in 2 x 2 contingency tables were computed to 
test for differences between morphs in microhabi-
tat use. Differences in morph ratio and sex ratio 
were obtained by testing observed values against 
expected values (equal morph ratio and sex ratio, 
respectively) with chi-square tests.
At Coulet pond, metamorphs significantly out-
numbered paedomorphs. Metamorphs represented 
61% of the population (χ²=16.89, n=342, P < 0.001). 
77% of the adults present in the shallow area were 
metamorphs. In the deep area, only 52% were me-
tamorphs (χ² =  21.01, n = 342, P < 0.001). Sex 
ratio was female-biased in paedomorphs (females 
= 74%;  χ² = 29.84, n=133, P < 0.001) and balanced 
in metamorphs (females=54%; χ²=1.73, n=209, P = 
0.19). Contrary to paedomorphic females, paedo-
morphic males were very rare in shallow areas (χ² 
=  6.72, n = 77, P < 0.001). No significant diffe-
rence between sexes was found in the metamorphs. 
Niche overlap was 0.76. At Canourgue-Groupillers 
pond, metamorphs were significantly more nume-
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rous than paedomorphs. They represented 71% of 
the population (χ² =  14.14, n = 77, P < 0.001). 94% 
of the adults present in the shallow area were meta-
morphs. In the deep area, only 55% were metamor-
phs (χ² =  14.34, n = 77, P < 0.001). Sex ratio was 
female-biased in paedomorphs (females = 71%;  χ² = 
5.14, n = 28, P < 0.05) and balanced in metamorphs 
(females = 56%; χ² = 0.89, n = 55, P = 0.35). The low 
number of individuals present in the shallow area 
did not allow microhabitat comparisons for pae-
domorphs. In metamorphs, sex ratio was different 
in the shallow area (78% of females) and the deep 
area (29% of females) (χ²=12.81, n=209, P < 0.001). 
Niche overlap was 0.53. 
Our results support models predicting resource 
partitioning between alternative morphs (11). In 
such models, behavioral, physiological and mor-
phological differences between morphs make them 
more successful in using specific resources. Pae-
domorphs are particularly expected in deep waters 
because of their larval traits,  notably a gilled mode 
of respiration. The relative highest abundance of 
paedomorphic palmate newts in the deepest parts 
of the two studied ponds confirms this expectation. 
This was particularly the case in Canourgue-Grou-
pilliers, with a niche overlap of 53% (76% at Le Cou-
let). Other studies of a related species, the Alpine 
newt, gave varied results. Although strong resource 
partitioning was observed in deep lakes (2), fewer 
differences were found in an Italian farmer pond 
(7). This can be explained by habitat complexity as 
ponds are not so diversified (cf. microhabitats) than 
lakes. In the present case study, habitat partitioning 
is not so strong as in the French Alpine lake (2), but 
higher than in the Italian pond (7). Both studied 
Larzac ponds are deep: around 2 m depth in spring, 
compared to only 0.7 m depth for the Italian pond. 
They thus present a vertical component similar to 
that of the deepest lakes (2, 6). Habitat segregation 
between morphs was found in the two sexes, but 
particularly in males. Not all Larzac ponds inha-
bited by facultatively dimorphic palmate newts are 
deep. In some ponds, this is caused by high evapo-
ration or infiltration processes. In other ponds, this 
is caused only by the shape of the ponds, built to re-
tain less water. In these shallower habitats (less than 
1 m maximum depth), there is not as much space 
for habitat partitioning. Explaining the persistence 
of dimorphism thus requires the understanding of 
other causes, such as life-history traits (notably age 
structure). Future studies should focus on these 
points, and particularly on behavioral changes with 
habitat modification caused by natural drying and 
human influence. 
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Figure 1. Spatial use of the shallow and deep microhabi-
tats in Coulet and Canourgue-Groupillers ponds (Larzac, 
France). P: paedomorphs, M: metamorphs; black bars: 
females, open bars: males.
